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Abstract: In homes and any processes industry, the main processes that need to be controlled are 

temperature and level of the water. This paper is focused on the design and implementation of an Electric 

Heated System that connects with their environment using actuators and sensors for sensing and control 

the temperature and level of the water. Also, the mathematical models for operation principle are 

presented. The system used   the arduino UNO card which is a microcontroller board for controls 'ON’ 

and ‘OFF’ conditions of the heater and motor depending upon the temperature and level of the water in 

the tank. There are three sensors used with arduino, First: the Ultrasonic sensor (HC-SR04) is used to 

measure the distance between the sensor and the object, and this distance is proportional to the level of 

the water. Second: Infrared sensor (KY-032) is used to control the drain of water by opened and closed of 

solenoid valve. Third: The sensor (DS18B20) is used to sense the temperature to prevent excessive in 

temperature that can lead to serious accidents. The Android device communicating with a Bluetooth 

module connected to an arduino Uno microcontroller. The andriod application is used for two tasks. First 

monitoring the value of the temperature and water level in the tank during the operation of the system, 

second the wireless communications technique is used to turn ON and OFF the system. 
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 البلوتوثتكنولوجيا بالاعتماد على مراقبة المع  تسخين منظومةتصميم وتنفيذ 

  

هزا  شوضَ. التٍ َحتبد الغُطشة علُهب هٍ دسجت الحشاسة وهغتىي الوبء الشئُغُت فٍ البُىث واَت عولُت صٌبعُت فبى العولُبث الخلاصة :

للتحغظ والغُطشة علً  هحشوبث وهتحغغبثتفبعل هع البُئت الوحُطُت ببعتخذام توهشببئٍ  تغخُيهٌظىهت  وتٌفُز تصوُن علً البحج

هٍ لىحت  ٍالت UNO اسدوٌَى بطبلت تغتخذم الوٌظىهت .العول لوبذا تالشَبضُ ردتمذَن الٌوبوزله تن  .دسجت الحشاسة وهغتىي الوبء

 حغبعبث حلاحت هٌبن .الخضاى فٍ الحشاسة وهغتىي الوبءدسجت  لوغتىي تبعب الغخبى والوبطىس وغلك حبلت فتحلغُطشة علً دلُك لهغُطش

 ، وهزٍ ىبئيال إلً الوتحغظ هي الوغبفت لمُبط(HC-SR04)  الصىتُت فىق الوىجبث حغبط اعتخذام تن سدوٌَى. اولا:لاا هعهغتخذهت 

 وإغلاق فتح طشَك عي الوبء عحب علً للغُطشة( KY-032)بصشٌ  هتحغظ تن اعتخذامحبًُب:  .الوبء هغتىي هع تتٌبعب الوغبفت

(solenoid valve).  :الوتحغظ تن اعتخذام حبلخب(DS18B20 )لوٌع الضَبدة فٍ دسجت الحشاسة التٍ لذ تؤدٌ الً  الحشاسة دسجت لتحغظ

 . اولا: تطبُك اًذسوَذ لهذفُي تن اعتخذام.أوًى اسدوٌَى هتحىن بلىتىث الً وحذة الوتصل هع الاًذسوَذ جهبص تن سبط.حىادث خطُشة 

 .الوٌظىهت واطفبء تشغُلل  اللاعلىُت الاتصبلاث تمٌُتتن اعتخذام اظهبس لُوت دسجت الحشاسة وهغتىي الوبء احٌبء تشغُل الوٌظىهت. حبًُب: 
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1. Introduction 
 

    The control of the level and flow of water is very important to avoid it wasted. The 

automatic water level controller helps the human being to manage the water in their life. 

Also, if the water in the tank is cold it has to be heated up, so a good control strategy is 

needed to maintain exact temperature of water in tank. The control objective is to 

maintain the water level and temperature at desired set point values using closed loop 

feedback control strategies. The system is very useful in house and the factory. There 

are different types of controllers for water level and temperature. There are several 

studies that have been done previously associated with the design of control system as 

following researches: 

     Sharma et al [1] have been presents the simulation of interacting and non-interacting 

coupled tank system in MATLAB using Proportional-Integral-Derivative (PID) & 

Fuzzy logic controller (FLC) types of control for controlling the level in process 

industries. 

     Mounika et al [2] are present the idea of water level control by using microcontroller 

in a wired and remote environment, and administration inside of the connection of 

electrical conductivity of the water. 

     Kumar and Reddy [3] are present the control of the level in two tanks using different 

controllers, PID and fuzzy logic Controller. The design of PID Controller based on 

Internal Model Control (IMC) Method, and the FLC based on six rules with triangular 

fuzzy sets and Gaussian. 

     Surya and Chauhan [4] are designed an automated water level indicator which 

monitors all the levels of water to be fed into the crucible for heating water. The 

temperature sensor (LM35) is used to monitor the specified limit of temperature]. 

      Rathore et al [5]  are present the temperature, flow and level system controller using 

the PLC with some Analog cards. The controlling of PID controller is performed by 

using ladder diagram in PLC software. 

     Parvat et al [6] are determining the mathematical model of a coupled tank system. 

They presents two types of controller,a PID and using a fuzzy logic technique. The 

simulation is being carried out using the Mat Lab/ Simulink Toolbox. 

    Thakur et al [7] are use the MATLAB to design FLC for control the level water. They 

study the control effect of this technique and compare with PID controller [7]. 

     Sabri and Ahmed [8] are designed and applied a fuzzy and PID controller to the 

Water level system. Then the fuzzy controller is used to make the system fast and 

stable. A comparison between two controllers was presented.  

     Omijeh et al [9]  are implemented the modeling and simulation of a water tank level 

controller using fuzzy logic Toolbox package and SIMULINK environment. The 

controller was simulated using a variety of rules to test the effect of it on the fuzzy logic 

controller.  

     Barman et al [10] are determine the mathematical model of interacting and non-

interacting tank with disturbance and also design of PID controller. 

      Pudasaini et al [11] are present an automatic water level control system with Short 

Messaging Service (SMS) notification. The program was developed in Arduino 

program uploaded to the Microcontroller.  
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     Band and Anyasi  [12] are present the design of an automatic water level controller.  

The system incorporates two mains contactor, an over load relay and a mercury flood 

switch [12].  

     Mani et al [13] present a programmed ATmega 32A microcontroller as the basic 

component for the water level indicator to indicate the level of water. A liquid level 

sensor detects the present level of the water in the tank.  

This paper is focused on the design and implementation of automatic control electric 

heated system by using the Arduino UNO card. The system is used for control the 

temperature and level of the water. There are three sensors used with arduino, it is 

ultrasonic, infrared and waterproof temperature sensors to sense and control the level, 

temperature and flow of the water. The paper presents the mathematical model of the 

temperature and level of the water tank. The mobile phone based on Android software is 

used to monitor the value of the temperature and water level in the tank during the 

operation of the system.   

     The design is depend on a new hardware implementation of the controller by using 

three different sensors, connecting the microcontroller UNO for sensing and controlling 

the level and temperature of the water. Smartphone based on android software are used 

to monitor the value of the temperature and water level in the tank during the operation 

of the system. In addition, using the Bluetooth technique avail the wireless 

communication between the smartphone and arduino which is used for switching 

ON/OFF the system. 

 
2. System Model 
 

    An brief introduction about arduino, sensors, Bluetooth and android is presented. 

These components are the main parts of the proposed system design. 

 
2.1 Arduino Platform 
 

     Arduino is a microcontroller that can sense and control the devices connected with 

their environment using actuators and sensors. The heart of the arduino Uno is the 

ATmega328 microcontroller. It has 6 analog input pins and 14 digital input/output pins. 

There is a USB connector for connecting to any computer. The clock speed is 16 MHz. 

It has a power jack to power the board, an In-Circuit Serial Programming (ICSP) header 

to program the processor and a reset button. It contains all facilities needed to program 

the microcontroller and attached with specific components to enable and interact it with 

real world [14] as illustrated in figure (1).  
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Figure (1): Arduino UNO Platform. 

 

2.2 Sensors  
 

     Three sensors are used in this application, the first type is a 1-wire digital sensor 

DS18B20 which is used for temperature measurement, and it is easy to use and 

inexpensive. That means they can be used to read the temperature directly with simple 

circuit design. Only one wire is used to read the temperature, other two wires are 

connected with 3.0-5.5V power and ground in the system. The temperature sensor can 

be placed in different spaces in the tank. Analyzing the temperature in real time can be 

obtained based on a computer which is connected with the sensor. Practice has proved 

that, the DS18B20 sensor has high detection speed, small measurement error, and good 

stability [15]. Figure (2) shows this type of sensor. 

 

 

 

 

 

 

 

 

Figure (2) DS18B20 Waterproof Temperature. 

 

     The second type is Ultrasonic sensor which has 4 pins connecting with peripheral 

device. The 4 pins related Power, Ground, Trigger and Echo respectively. Figure (3) 

shows a HC-SR04 ultrasonic sensor module used in this application. The distance from 

the sensor to the object can be measured by using the ultrasonic sensor with arduino. 

 

 
Figure (3): HC-SR04 Ultrasonic Sensor Module 
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     The ultrasonic sensor is constructed from transmitter and receiver. The timing 

diagram of operation is shown in figure (4) below [16].The microcontroller sends a 

short pulse in microsecond to TRIGGER pin to activate the sensor, and then the sensor 

will send a positive pulse through the ECHO pin. The pulse width is a distance object 

that can be calculated,  

 

 

 

 

 

 

 

 

 

Figure (4): Signals of Ultrasonic Sensor SRF04. 

 

     The third type of sensors is KY-032 infrared sensor which is used an infrared beam 

to detect the objects. The sensor uses a4 pins. The pins are: Enable Output, Positive 

Power and Ground.  There are two potentiometers to adjust sensitivity. There is an 

NE555 chip to generate a 38 KHz square wave which is used to illuminate an Infra Red 

LED.  A certain frequency is transmitted to the object, then the reflected signal is back 

when detecting the object, the effective distance from 2 to 40 cm and the working 

voltage range is 3.3V to 5V[17]. Figure (5) shows the type of this sensor. 

 

 
Figure (5) KY-032 Infrared Obstacle Avoidance sensor 

 

2.3 HC-05 Serial Bluetooth Module 
 

     Bluetooth is a wireless communications protocol running at ISM band 2.4 GHz. It is 

designed for low power devices. Bluetooth Low Energy (BLE) is available in all 

Smartphone running on android and computers. Smartphone is easy to connect to the 

devices in the environment by using this technique. HC-05 module is a Serial Bluetooth 

module which is designed to use short wavelength for exchanging data wireless in serial 

connection over short distances (10-100m). The model is shown in figure (6). Its serial 

communication makes an easy way to connect with computer. It provides switching 

mode which able to use neither receiving nor transmitting data (sleep mode). 

HC-05 is fully qualified Bluetooth 3Mbps Modulation plus Enhanced Data Rate with 

2.4GHz radio transceiver and baseband [18]. HC-05 module has 38400 default Baud 

rate, and supported baud rates are 9600, 19200, 38400, 57600, 115200, 230400, 

460800. 
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Figure (6):  HC-05 Bluetooth Module 

 

2.4 Android 
 

     Android is an open source and Linux-based Operating System (OS) for mobile 

devices such as smart phones and tablet computers. Since Android is an open source it 

has become the fastest growing mobile operating system. By using the Android 

software development kit (SDK), its applications are written in Java programming 

language and run in virtual machines [19]. Android OS for mobile devices is developed 

by the Open Handset Alliance, which is led by Google. It is a software stack for mobile 

devices. It's reference to a set of application programs that form a complete system. 

Android Software Stack contains four Layers: application layer, application framework 

layer, Libraries, Linux kernel [20]. The ATMega328P Microcontroller is communicated 

to Android application by using wireless technique. 

 
3. Fluid Systems Model 
 

     Fluid systems are used in many commercial and industrial applications. It can be 

divided to Hydraulic and Thermal System. 
 

 
3.1 Hydraulic Systems 
 

     The hydraulic systems can be divided to two subcategories, hydraulic resistance and 

hydraulic capacitance. 

 
3.1.1 Hydraulic resistance 
 

     If the liquid flowing from a pipe of specific diameter to another of a different 

diameter there is a pressure difference is occurs, then hydraulic resistance is generated. 

If the pressures at either side are p1 and p2, then the hydraulic resistance R is defined as 

[21]: 

 

   
     
 

                                                              ( ) 

 

Where     is the flow rate of the fluid. 
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Figure (7): Hydraulic Resistance. 

 

3.1.2 Hydraulic capacitance   
 

     It is a measure of the energy storage in a hydraulic system, as an example is a tank 

stores energy in the form of potential energy. In figure (8) the liquid enters a tank at rate 

qi and leaves at rate   qo, the equations describe that is [21]: 

 

 

 

  

 

 

 

 

Figure (8) Liquid heated and level system. 

 

 

       
  

  
                                                                        ( ) 

 

    
  

  
                                                                           ( ) 

 

The pressure difference is given by:  

 

                                                                             ( ) 
 

Where ρ density of water (Kg/t) and   is the gravitational constant (9.8 m/s2) then, 

 

                                                                                    ( ) 

Or 

 

  
   
  

                                                                                     ( ) 

 

Substituting in equation (3) gives: 

 

    
 (
   
  )

  
                                                                ( ) 

 

 The Laplace transform of equation (7) is: 
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    ( )  
  

  
    ( )     ( )                                             ( ) 

 

Or 

 

    ( )  ( 
  

  
    )   ( )                                               ( ) 

 

And the transfer function can be written as: 

 

   ( )

    ( )
 

 

  
  
  
  
                                                                (  ) 

 

3.2 Thermal System 
 

     For Figure (8), it is possible to write the equation described the system for balance of 

flows in the tank [22] as follows: 

 

  ( )    ( )   
  ( )

  
                                                         (  ) 

 

Where qi water flow in the tank, qo water leaving the tank through the valve, h is the 

height of the water in the tank and A is the cross sectional area of the tank,   

The Bernoulli's equation can be written as follows: 

 

    
  
 
   

 

 ⁄      
  
 
   

 

 ⁄                                        (  ) 

 

Where V is representing the local velocity of the water, p the pressure;   is the local 

acceleration of gravity and z the vertical height of the point. 

      If Bernoulli’s equation is applied to the tank system with losses, h is calculated as:

  

  
  

  
                                                                                             (  ) 

 

Where h = z1- z2.  

Δh the system loss can be written as: 

 

   
  

  
(         

 

 
)                                                               (  ) 

 

Where     is the resistance coefficient,     is the local loss coefficient of the curved 

tube,   is the local loss coefficient at the entrance of the tube, d is the diameter of the 

discharge pipe. 

Combining (13) and (14) h becomes: 

 

                                          
  

  
(           

 

 
)                                                (  )  
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The flow qo leaving the tank is given by: 

 

   
   

 
                                                                                                   (  ) 

 

Using (16) and (15), the flow qo can be expressed  

 

    √                                                                                                    (  ) 

 

Where 

 

  
   

 

 

√           
 
 

                                                               (  ) 

 

Combining equations (17) and (11), gives 

 

 
  ( )

  
  √      ( )                                                                        (  )  

 

Where C is called the discharge coefficient of the valve, Equation (19) represents 

mathematical model of system. 

 
4.  System Design and Operation 
 

      The block diagram of the proposed control system design is shown in figure (9).The 

main components in the system are a microcontroller which is a small computer on a 

single integrated circuit containing a processor, memory, and programmable 

input/output peripherals. 

     The arduino UNO is the type of a microcontroller used in the design. There are three 

sensors used with arduino, The HC-SR04 Ultrasonic Sensor is used to measure the 

distance between the sensor and the water level, the level of the water in the tank is 

given by subtracting the measured distance by sensor from the distance of sensor from 

tank bottom. 

     Infrared sensor (KY-032) is used to control the flow of water by opened and closed 

of solenoid valve. The waterproof temperature sensor (DS18B20) is used to sense the 

temperature.  Relays (1, 2, and 3) is used to control the work of Heater, Pump and 

solenoid valve. The operation of relays depends on the signal received from the sensors.  

 



 Journal of Engineering and Sustainable Development Vol. 22, No. 05, September 2018                                      www.jeasd.org (ISSN 2520-0917) 

 

110 
 

 

Figure (9): The block diagram of a liquid level and temperature control system. 

 

     By using Bluetooth wireless protocol, ON/OFF the system is controlled by using the 

wireless communication technique based on serial data transmission, the switch relay 

connected to arduino is used for this purpose by receiving the command from android.  

Figure (10) shows the connections of arduino board between these appliances and 

Bluetooth module. 

 

Figure (10): Electrical Diagram of the system. 
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     The system is constructed by using arduino Uno microcontroller board, a HC-05 

Bluetooth module, android device, Sensors and relays modules.  

The status of pin (on/off) depending on the sensing the obstacle, pin 4 is enabling. For 

actuators, connect the Heater to the normally open port in the relay module, the input 

port of the same relay module is connected to the arduino Uno port. The same way of 

connection is used to connect the pump and solenoid valve with other different arduino 

Uno Ports. The relay (switch) is connected to pin 13 in arduino, the power supply VCC 

(+5V) of the system is connect to the normally closed port in the relay; this linkage 

prepares to control ON/OFF the system by receiving the command from android.  

     For the operation circuit, connect the arduino UNO board to the computer with the 

support of USB cable, then write the program in code section of C++ program window, 

and uploading the program to the arduino. The Bluetooth module HC-05 connect to the 

arduino enabling the android to control the arduino Uno.  

     Figure (11) shows the system architecture of the proposed system which indicates 

the connection between the arduino card and the peripheral devices. Figure (12) shows 

the control board which consist of connections between the arduino UNO and sensors 

and relays. When the system switch is ON, the pump is working directly and push the 

water to the tank until it is reached to setting high level, then ultrasonic sensor sends the 

signal to microcontroller to switch the pump OFF, and the level of water is displayed on 

the smart phone. At the same time, the heater is switch ON, and the temperature is 

rising to high degree, then it is switched OFF. The DS18B20 is used for this purpose. If 

the infrared optical sensor detects any object, it transmits the signal to solenoid valve to 

open, and the water is flow from the system, then the water in the tank is decreased. The 

distance between the ultrasonic sensor and level of the water is calculated by the 

microcontroller. If the water reached the minimum value, the pump is switched ON 

again and push the water to fill the tank. At the same time, if the temperature is 

decreased, the heater becomes ON and the temperature rises again.  

     Figure (13) illustrates a mobile phone that using the android application to displays 

the value of the temperature and water level in the tank during the operation of the 

system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (11): Architecture of the proposed system. 
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Figure (12): Control Board. 

 

 

 

 

 

 

 

 

 
 

Figure (13): Mobile phone data monitoring. 

 

5. Program Flow Chart 
 

      The program flow chart of the system is shown in figure (13). Before running the 

system, it must be programmed the microcontroller within the arduino board by using 

C++ Language. The computer is connected to system through USB bus. The 

microcontroller is used for automatically control that the status of actuators (pump, 

heater, solenoid valve) depending on the data takes from the sensors. 

First setting up Bluetooth (HC-05), then scan it to detect the devices connecting to the 

system for our appliance. Switch ON the system, the microcontroller send the signal to 

motor to fill the tank with water.  

     When the water reach at the high level the sensor send the signal to microcontroller 

to switch the motor in OFF condition. Also the Heater is switch ON and the temperature 

is rising to high degree, then switch OFF.  

     If the water is flow from the tank and the level of the water is decreased to minimum 

level, the pump is work again and push the water to the tank. The same thing is 

happened if the temperature is decreased to minimum; the heater is work to rise the 

temperature to high degree. 
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Figure (13) Program Flow Chart. 

 

6. Results and Discussion 
 

      After running the program, the motor became ON and the motor push the water to 

the tank and continuously increased to high level, then the motor is stopped after 

approximately 22 second and the level at 15 cm as shown in figure (14).  

     If the water is flow from the tank, the optical sensor is sense and solenoid valve is 

open when any one is wanted to use the water for washing or anything else, then the 

water is decreased as shown in figure (15). The motor became ON when the level is 

reached to minimum, and the water increased again to high level, and so on. 

     The signal is not smooth as it contains ripples in it, because the surface of the water 

level inside the tank is wavy as the water moves up and down in the tank. For the same 

reason, when the sol. valve operating and the water flow out the tank, and because of              
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The instability of the surface level of water during the flow of water to down  to the 

lowest level , the ripples is happened as shown in the signal in figures(14,15). 

     Figure (16) shows that when the heater is ON, the temperature is rising to 601 sec, 

then if the heater is OFF, the temperature decreased to minimum. Practically, the 

response of increasing the temperature of water with time is good, and when the heater 

is switched off and the water tank is not used, the drop in water temperature depends on 

the atmosphere surrounding the tank. The signal shows that the temperature drop is 

gradual. 

     Figure (17) shows the relationship between the Temperature, Heater, Level and 

pump for all probabilities.  

     The curve shows that there is a correlation between high water level and high 

temperature with the operation of the pump and the heater from the beginning until 

stability. Here, the level of water remains constant, but the temperature continues to rise 

until reaching the required temperature depending on the previous temperature of water 

as well as the outer perimeter of the tank. If the system is turned ON and OFF, the 

behavior of the actuators are shown in figure (18). The response of heater and pump is 

the identical. It works from the start and stop when the level and temperature reaches 

the required values in the application. The response of optical sensor will be different,  

it sends the signal to sol. valve to open, when it senses any object in front of it,  whereas 

the pump is work when the water decreased to minimum set value. 

 

 

 

 

 

 

 

 

Figure (14): The relationship between the water level and pump. 

 

 
Figure (15): The relationship between the water level and solenoid valve. 
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Figure (16): The relationship between the water temperature and heater. 

  

Figure (17): The relationship between Temperature, Heater, Level and pump 

 

 

Figure (18): ON/OFF status of the actuators when the system switching by Android.  
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7. Conclusions 
 

      The economical automated electric heated system using arduino UNO 

microcontroller to automatically control the temperature and water level is design and 

implemented.  

     The Programmable arduino UNO microcontroller is used for controlling. Three 

sensors are implemented and successively operated in the system. The ultrasonic sensor 

is used to control the level of the water tank to prevent the water shortage or overflow. 

The waterproof temperature sensor is used to measure the safety limit temperature to 

prevent excessive temperature and pressure development in the tank that can lead to 

serious accidents. The infrared sensor is used to control the solenoid Valve to control 

the flow of water from the system. The minimum and maximum setting of the 

temperature and level of the water can be altered programmatically.  

     Android software presents a wireless communication with a microcontroller for 

sending and receiving data serially. It is used to monitor the value of the temperature 

and water level in the tank during the operation of the system. The program is used to 

turn the system ON and OFF. 
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